[Abstract] The brain endothelium is a highly specialized vascular structure that maintains the activity and integrity of the central nervous system (CNS). Previous studies have reported that the integrity of the brain endothelium is compromised in a plethora of neuropathologies. Therefore, it is of particular interest to establish a method that enables researchers to investigate and understand the molecular changes in CNS endothelial cells and underlying mechanisms in conjunction with murine models of disease. In the past, approaches to isolate endothelial cells have either involved the use of transgenic reporter mice or suffered from insufficiently pure cell populations and poor yield. This protocol here is based on well-established protocols that were modified and combined to allow single cell isolation of highly pure brain endothelial cell populations using fluorescence activated cell sorting (FACS). Briefly, after careful removal of the meninges and dissection of the cortex/hippocampus, the brain tissue is mechanically homogenized and enzymatically digested in two steps resulting in a single cell suspension. Cells are stained with a cocktail of fluorochrome-conjugated antibodies identifying not only brain endothelial cells, but also potentially contaminating cell types such as pericytes, astrocytes, and lineage cells. Using flow cytometry, cell populations are separated and sorted directly into either RNA lysis buffer for bulk RNA analyses (e.g., RNA microarray and RNA-Seq) or in pure fetal bovine serum to preserve viability for other downstream applications such as single cell RNA-Seq and Assay for Transposase-Accessible Chromatin using sequencing (ATAC-Seq). The protocol does not require the expression of a transgene to label brain endothelial cells and thus, may be applied to any mouse model. In our hands, the protocol has been highly reproducible with an average yield of 3 x 10 5 cells from a pool of four adult mice. 
A. Brain tissue harvest 1. Sacrifice adult mice using carbon dioxide asphyxiation followed by cervical dislocation (adhere to institutional guidelines). Harvest up to four brains at a time. 2. Place the brain onto an autoclaved sheet of Whatman filter paper and gently roll over the surface using a sterile spatula to crudely remove the meningeal layers surrounding the brain ( Figure 3 ). Since brain tissue is soft and sticky, ensure to carefully separate it from the filter paper using a small spatula during rolling to minimize tissue loss. Cortical/hippocampal microvessels have distinct phenotypical properties that differ from those of meningeal vessels and inclusion of the later results in contamination with undesired endothelial cell populations.
3. Use the small spatula (not forceps) to transfer the tissue onto a 10 cm Petri dish and cover it with ice cold endothelial cell buffer.
4. Place the dish under a binocular microscope and continue to manually remove the remaining meninges using Ceramic Coated Dumont #5 forceps, while stabilizing the tissue with another set of forceps (Dumont #3 or #5) (Figure 3 ). Despite the fact that the meninges may be hard to see, as they are delicate and mostly transparent, aim to remove all meningeal structures. Pay particular attention to "red-colored" tissue areas, as they indicate erythrocyte-filled blood vessels, which form a network throughout the meningeal layers and therefore serve as an indicator as to which areas have to be cleaned from meninges.
5. Separate the hemispheres with a clean cut along the interhemispheric fissure using a sterile scalpel blade (Figure 3 ).
6. Transfer one hemisphere into a Petri dish with endothelial cell buffer on ice and continue to dissect the cortex and hippocampus of the remaining half. However, if this is not the case, continue to remove undesired tissue parts piece by piece.
8. Continue to remove meninges in the medial longitudinal fissure and flip over the hemisphere to thoroughly inspect and clean-up the other side of the cortex as well.
9. Transfer cortex/hippocampus to a clean Petri dish on ice filled with endothelial cell buffer.
10. Go through Steps B6 to B9 for the second hemisphere and thereafter start over at Step B1 with the next brain until all brains have been processed (~two hours total for 2 x 4 brains; do not exceed 3 h for this part of the procedure, as cell viability will be affected).
11. Thereafter, process pooled tissue. C. Tissue homogenization and primary digestion 1. Wash the pooled brain tissue three times by repeatedly adding endothelial cell buffer, swirling the Petri dish, followed by careful aspiration using a vacuum pump.
2. After the last aspiration, mince the tissue using two sterile scalpels into small pieces until a homogenous emulsion has formed.
3. Add 4 ml endothelial cell buffer to the Petri dish and resuspend the tissue by pipetting up and down with a 10 ml pipette.
4. Transfer the cell suspension into a 15 ml Falcon tube kept on ice.
5. Repeat Steps C3 and C4 two more times to rinse the Petri dish and top off with endothelial cell buffer to 15 ml.
6. Centrifuge cell suspension for 7 min at 300 x g at 4 °C and aspirate the supernatant using a vacuum pump.
7. Estimate the volume of your tissue pellet (typically ~1.5 ml) and add endothelial cell buffer as well as pre-warmed collagenase II in a 1:1:1 ratio. Pipette gently up and down using a 5 ml pipette.
8. Incubate the enzyme mixture in a 37 °C water bath for 50 min and thoroughly shake the tube after 25 and 50 min of incubation to homogenize the suspension until no white clumps are visible.
9. Stop the enzymatic digestion (~4.5 ml volume) by adding endothelial cell buffer to 15 ml and mix suspension by thoroughly pipetting up and down.
10. Centrifuge cell suspension for 7 min at 300 x g at 4 °C and aspirate the supernatant using a vacuum pump.
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www 3092 D. Myelin removal and erythrocyte depletion 1. Add 3 ml 25% BSA and transfer to a new 15 ml tube. Rinse the original tube one more time with 3 ml 25% BSA and then top off to 15 ml, thoroughly mixing the suspension with a 10 ml pipette.
2. Centrifuge for 30 min at 1,000 x g at 4 °C in order to separate the myelin (top) and to enrich for capillary fragments (bottom) ( Figure 1D ).
3. Aspirate the myelin layer with a vacuum pump. Before removing the clear BSA supernatant, switch to a new tip to minimize residual myelin in the cell pellet.
4. To deplete erythrocytes, incubate the pellet in 2 ml Red Blood Cell Lysis Buffer for 90 s at room temperature with occasional shaking. Add 1 ml Red Blood Cell Lysis Buffer with a P1000
pipette, transfer suspension to a new 15 ml Falcon tube, and rinse the tube one more time with
Red Blood Cell Lysis Buffer 1 ml and combine.
5. Inhibit cell lysis by adding 13 ml endothelial cell buffer and put sample back on ice.
6. Centrifuge cell suspension for 7 min at 300 x g at 4 °C and aspirate the supernatant using a vacuum pump and leave ~2 ml in the tube. Use a 1 ml pipette to carefully remove the remaining supernatant.
E. Secondary digestion-single cell suspension 1. Resuspend the cell pellet in 2 ml endothelial cell buffer and transfer cell suspension to a new 15 ml Falcon tube.
2. To digest the microvessel fragments into a single cell suspension, add 1 mg/ml
Collagenase/Dispase and incubate the mixture in a 37 °C water bath for 13 min.
3. Notice the formation of endothelial microvessel fragment aggregates clustered by DNA. Add 1 μg/ml DNase I, pipette up and down a few times until the microvessels are dissociated using a P1000 pipette, and incubate for an additional 2 min in the 37 °C water bath.
4. To quench the digestion reaction, add 13 ml endothelial cell buffer and mix by gently inverting the tube (do not pipette up and down).
5. Centrifuge cell suspension for 10 min at 300 x g at 4 °C.
6. Aspirate the supernatant using a vacuum pump and leave ~2 ml in the tube. Use a 1 ml pipette to carefully remove the remaining supernatant and store cell pellet on ice. 
Resuspend the pelleted cells in FACS buffer (see Recipes

Data analysis
The data analysis described below refers to purification quality control transcriptome analysis using RNA microarray technology shown in Figure 5 . For purification of brain endothelial and pericyte populations the outlined protocol was applied, while microvascular tubes, astrocytes, and microglia were isolated using different techniques (Fisher et al., 2007 and Fisher et al., unpublished) .
1. RNA sample quality and quantity were determined by Agilent Bioanalyzer Total RNA Pico Euk chip readings at the Stanford University PAN facility. 2. This protocol may also be applied to individual brains. Use 5 ml instead of 15 ml tubes and 1.5 ml conical tubes as applicable and scale down the buffer and enzyme solution volumes (e.g., for one brain, use a quarter of the volumes indicated; incubation times remain the same).
3. Cut Whatman filter paper sheet to an appropriate size (e.g., 18 x 12 cm) and autoclave wrapped in aluminum foil or autoclavable container.
4. Ensure that the brain tissue stays moistened while removing meninges and during tissue dissection.
5. Due to high fat content, brain tissue pellets are rather unstable and viscous. Use conical tubes at all times and make sure to use a swing bucket centrifuge to collect cells on the bottom of the tube. Never decant supernatant, but carefully aspirate using a vacuum pump for big volumes and a handheld pipettor for small volumes.
6. Antibody concentrations are recommendations and should be tested since staining intensity might vary from batch to batch. 9. RNA samples should not be put on ice but instead be processed right after sorting is finished.
Alternatively, freeze RNA samples in RLP Plus buffer at -80 °C for short-term storage (up to four weeks). 
